In the course of work on the anion condensation of Cd and Zn halides, the crystal structures and 79,81 Br NQR spectra of 2,2-dimethyl-l,3-propanediammonium tetrabromocadmate(II) monohydrate (1) and dimethylammonium tetrabromozincate(II) (2), and [79][80][81] Br NQR spectra of dimethylammonium tetrabromocadmate(II) (3) 
Introduction
Recently we became interested in the study of group II (Zn, Cd) halogeno complexes by crystal structure determination and observation of halogen nuclear quadrupole resonance (NQR), to get information about the condensation of the anions MX 3 , and MX 4 -(M = Zn, Cd; X = CI, Br) under the influence of both the size and hydrogen bond ability of the respective counter cation [1] [2] [3] . Isolated anions, chains, and two-dimensional anion layers can be expected, and they are observed. Space filling (size) of the * Presented partly at the XHIth International Symposium on Nuclear Quadrupole Interactions, Providence Rhode Island. USA, July 23-28, 1995.
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Here we report on the relation between the crystal structures and NQR results of 2,2-dimethyl-l, 3- (3) .
Experimental
The compounds (1), (2) , and (3) (1) and (2) were grown from aqueous solutions for the X-ray diffraction experiments. The structures were determined with a 4 circle X-ray diffractometer. The intensities were corrected for absorption and Lorentz-polarization factor. By the use of direct methods, Fourier synthesis and least squares analysis, the structures werde determined [4, 5] . The Br NQR studies were performed on a superregenerative-type spectrometer. For the title compounds the Br NQR signals were of good S/N ratios with line widths between 40 and 50 kHz, somewhat dependent on the temperature. (1) looses the H 2 0 molecules at 339 K according to the thermal analysis.
Results and Discussion

Crystal
Structures:
• H 2 0 (1)
(1) crystallizes orthorhombic with the polar space group Pbc2!, Z = 4. The experimental conditions for the structure determination are listed in Table 1 together with those for (2) [6] . In Fig. 1 , we show the formula unit with the numbering of the atoms used throughout this paper and with the 50% electron density of the thermal ellipsoids of the atoms. The hydrogen bond system is marked in Fig. 2 , where the projection of the unit cell along the a axis onto the be plane is drawn. The atomic coordinates are listed in The hydrogen bonds between O and Br are denoted by )))). The formula unit for which the atomic coordinates are given in Table 2 are marked by *. Table 2 , which includes displacement parameters. In Table 3 , one finds the intramolecular (intraionic) distances and angles. Compared to the [ZnBr 4 ] 2_ tetrahedron of (2), the [CdBrJ 2-tetrahedron of (1) is much less regular, 255.2 < d (Cd-Br)/pm < 264.6 and also the scattering of the "tetrahedral" angles is quite large 102.9 < L (Br-Cd-Br)/° < 118.2. This is due to the much more distorted hydrogen bond interaction in (1) compared to (2) . Although the distances d(C-C) and angles L (C-C-C) of the cations are as expected, the dihedral angle
. As a result, the H 3 N (1) group is close to the methyl group, H 3 C <4) . This conformation of the 2,2-dimethyl-l,3-propanediammonium dication is nearly identical to the antigauche conformation with respect to two NH 3 groups expected from the ab initio method [7] ; the dihedral angles are 73.9° and 173.7°, although the anti-anti conformation of the dication is the most stable one in which both dihedral angles are 180°. This distortion of the dication in the crystal originates in the molecular packing through the hydrogen bonds. No layered structure appeared for the compound (1) 4 . The distance between C (5) and C (4) , which are carbon atoms of two methyl groups at position 2, is 238 pm. Taking into consideration the van der Waals radii of the methyl group, 200 pm [8] , (1) Compound (2) Zn-Br (1) Zn-Br (2) Zn-Br (3) Zn-Br 
(2) crystallizes monoclinic, P2 1 /c, Z = 4 and the crystal structure of (2) [9] , The experimental conditions for the structure determination and crystallographic data are given in Table 1 ; there are 2 cations in the asymmetric unit of the structure. In Fig. 3 , the formula unit is shown with the numbering of the atoms used in this paper and with the thermal ellipsoids of the atoms. In Fig. 4 , the projection of the unit cell of (2) (1) ) and cation 2 (N <2) ), as is seen in Table 3 , the distances d{N-C) for cation 1 being longer, and the angle Z_(C-N-C) being larger than those of cation 2. Each of the two hydrogen atoms bound to the N atom in both cations forms the hydrogen bond with the [ZnBr 4 ] 2_ tetrahedron, as listed in Table 4 . Br (1) accepts two bonds, N (2) with the numbering of the atoms used in this paper and the thermal ellipsoids (50% of electron density). Figure 5 . Four NQR lines disappeared above 335 K. This is due to the dehydration. DTA and TG experiments showed that the dehydration started at 339 K in a closed condition and at 323 K in an open condition. The loss of weight observed corresponds to one molecule of H 2 0. 81 Br NQR frequencies at selected temperature are found in Table 5 . As common practice, the curves v( 81 Br) = / (T) have been parameterized on the basis of the polynomial,
and the coefficients aj for (1) are found in Table 6 , where those for compounds (2) and (3) are also given. The intensity ratio of four lines is in accordance with Fig. 4 . Projections of the unit cell of (2) along [100] onto the be plane. The hydrogen bonds are marked by dashed lines. The formula unit for which the coordinates of the atoms are given in Table 2 are marked by *. Table 4 . Intermolecular distances (in pm), angles (in degrees) and the hydrogen bond system in (1) and (2).
Compound ( Table 5 . 8 'Br NQR frequencies, given in MHz, at selected temperatures, the signal to noise ratio, S/N in parenthese. The error in frequencies is ± 15 kHz. [8] . The v 4 line shows a positive temperature dependence in contrast to the normal temperature dependence expected from the Bayer theory [10] ; the NQR frequency decreases with increasing temperature. We consider that this positive temperature dependence is due to the hydrogen bonds, as observed in several other cases [11] . The hydrogen bond will lower the Br NQR frequency be- cause of the opposite contribution of the electric field gradient (EFG) at the Br atom created by the H • • • Br hydrogen bond and created by the Cd-Br bond. Some molecular motion will be activated with increasing temperature and then the breakage of the hydrogen bond will lead to the increase in the Br NQR frequency.
Four 81 Br NQR lines with equal intensity were observed for compound (2) at temperatures between 77 and 350 K, as is shown in Figure 6 . 81 Br NQR frequencies at selected temperatures are found in Table 5 , and the coefficients ctj of (1) are found in and/or the thermal motion of cations largely affect the EFG's at bromine sites. Although we can not assign NQR lines to the bromine atoms in the crystal due to identical Zn-Br distances, the positive temperature dependence of the v 4 line is considered to be due to the hydrogen bond.
[(CH,) 2 
Four 81 Br NQR lines were observed at temperatures between 77 and 350 K, as shown in Figure 7 . 81 Br NQR frequencies at selected temperature are found in Table 5 , and the coefficients cij of (1) are found in 
